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INTRODUCTION
Diamonds, and the mineral inclusions they trap during growth, are pristine samples from the mantle that reveal processes in the deep Earth. Whilst the majority of diamonds originated in the lithosphere some, known as sub-lithospheric or superdeep diamonds, have been exhumed from asthenospheric depths extending throughout the transition zone and into the lower mantle (see Harte, 2010 for a recent review). Such samples provide a unique insight into mantle geodynamics on a small length-scale that is highly complementary to spatial information gained using seismic techniques (e.g. Chang et al., 2015) .
Studies of superdeep diamonds have generally categorised samples by associating observed inclusion assemblages with paragenesis in either ultrabasic (metaperidotite) or basic (metabasite or eclogitic) protoliths. Mostly these associations, or 'mineral facies', have been defined by comparing the observed inclusion mineralogies with experimental phase diagrams for high pressure pyrolite or eclogite bulk compositions (e.g. Harte, 2010) . Using this approach, diamonds containing inclusions of MgSiO 3 , and/or CaSiO 3 coexisting with (Mg,Fe)O are categorised as ultrabasic lower mantle samples (e.g. Davies et al., 2004a; Harte et al., 1999; Hayman et al., 2005; Stachel et al., 2000b) , whereas those containing (Mg,Fe)(Si,Al)O 3 , Ca(Si,Ti)O 3 , SiO 2 and (Na,K)(Mg,Fe) 2 Al 5 SiO 12 inclusions would be described as lower mantle metabasite (e.g. Thomson et al., 2014; Walter et al., 2011) . For samples containing garnet inclusions, diamond paragenesis has commonly been categorised as metaperidotitic (either harzburgitic or lherzolitic) or metabasic, primarily on the basis of CaO and Cr 2 O 3 contents (e.g. Bulanova et al., 2010; Stachel, 2001; Stachel et al., 2000a) . Diamonds containing inclusions of olivine stoichiometry have always been associated with metaperidotite bulk compositions. However, inclusions that do not fit neatly into either association have been observed, which led to the expansion and creation of the 'carbonatitic' (Kaminsky, 2012) and/or 'Ca-rich' association (Brenker et al., 2005; Harte and Richardson, 2012; Zedgenizov et al., 2014) .
It has been widely recognised that major element compositions of many sub-lithospheric inclusions do not match those expected from experiments on mantle or subducted protoliths, and that some degree of melt metasomatism likely occurred during their formation in order to explain this mismatch (e.g. Bulanova et al., 2010; Harte, 2010; Harte et al., 1999; Harte and Hudson, 2013; Moore et al., 1991; Stachel et al., 2000a; Thomson et al., 2014; Walter et al., 2011; . For instance, Stachel et al. (2000b) invoke at least one episode of metasomatism "associated with carbonatites" to explain the enrichment of LREE coupled with Ba and Nb depletions observed in Ca-rich majoritic garnet inclusions in Kankan diamonds. Walter et al. (2008) interpreted the extreme enrichment of A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT Thomson et al. revision 1 submitted 19/08/2015 3 calcium silicate inclusions (interpreted as former perovskite) as an indication they crystallised from a "low-degree, primary carbonatite melt derived from deeply subducted crust", rather than trapped fragments of the ambient subsolidus mantle. Harte (2010) also suggested a similar model of diamond growth from slab fluids or melts based on the coincidental relationship between diamond inclusion abundance and the depths of expected dehydration reactions.
Unfortunately, the general idea that diamond-hosted inclusions are in some way representative fragments of the pristine ambient deep mantle persists (e.g. Kaminsky, 2012) . Amongst other implications, it has followed from this approach that the presence of ferropericlase in diamonds has been interpreted as evidence for a lower mantle paragenesis (e.g. Davies et al., 2004b; Harte et al., 1994; Hayman et al., 2005; Hutchison, 1997; Kaminsky, 2012; Kaminsky et al., 2009a; 2015;  2009b; Wilding, 1990) . Close comparison of inclusion and experimental ferropericlase compositions in specific cases have led to the interpretation that diamonds have been exhumed from depths spanning the entire lower mantle, including the D'' layer above the core-mantle-boundary (e.g. Hayman et al., 2005; Wirth et al., 2014) . However, both natural samples (Kopylova et al., 1997; Stachel et al., 2000b) and experiments (Brey et al., 2004; Thomson et al., 2016) demonstrate the stability of ferropericlase with a range of compositions in equilibrium with diamond throughout the upper mantle in regions of low silica activity. Kiseeva et al. (2016; 2013b) and Thomson et al. (2016) have recently demonstrated that many diamond-hosted majoritic garnet inclusions are neither ultrabasic or basic endmembers, despite their assignments based on CaO and Cr 2 O 3 contents. Rather, they span a continuous compositional spectrum, and many samples have intermediate compositions. Whilst this could be evidence for a large reservoir of pyroxenite within the transition zone (Kiseeva et al., 2013b) , it is more likely to be the consequence of interaction between metabasic and ambient mantle components (Thomson et al., 2016; Kiseeva et al., 2016) . Indeed, experiments demonstrate that intermediate garnet chemistries, similar to inclusions, are generated during the reaction of MORB-derived carbonatite melts with ambient peridotite (Thomson et al., 2016) . Slab-derived carbonatite melts are expected at transition zone conditions because the majority of subduction geotherms intersect a deep depression in the solidus of carbonated MORB between 400 and 600 km depth (Thomson et al., 2016) . The chemical characteristics of 'calcium silicate perovskite' and ferropericlase inclusions were also reproduced by slab melt -mantle interactions. The role of subducted material in sub-lithospheric diamond formation is confirmed by their carbon and oxygen isotopic composition. Diamonds with light δ 13 C and inclusions with heavy δ 18 O values from Jagersfontein (Ickert et al., 2015) , Juina-5, Walter et al. (2011) and Thomson et al. (2014) are presented. In these studies, the diamonds were polished from one direction on a jeweller's wheel to expose one or more mineral inclusion on a flat surface, suitable for multiple types of analysis. Wavelength dispersive electron microprobe analysis was used to measure the major element chemistry of the inclusions, which was used to interpret their current and former mineralogy. The major element compositions of all inclusions studied here can be found in Walter et al. (2011) and Thomson et al. (2014) . The carbon isotopic composition of the host diamonds was measured in several locations on each diamond by secondary ionisation mass spectrometery (SIMS), and are presented in Thomson et al. (2014) Thomson et al. revision 1 submitted 19/08/2015 5 model of diamond formation can be generalised to global sub-lithospheric diamonds containing these inclusion types, or whether this process is specific to certain localities.
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METHODS
SIMS ANALYSES
The trace element composition of 23 mineral inclusions in 22 diamonds from the Juina-5 kimberlite in Brazil, were measured using SIMS. The samples were carefully cleaned following previous work, pressed flat into indium mounts and gold-coated for SIMS analyses using the Cameca IMS-4f microprobe at the Edinburgh Ion Microprobe Facility. For analyses a primary beam of 16 Oions accelerated at ~ 11 keV (net 15 keV at the sample surface) was used with a sample current of ~ 2 nA to achieve an analysis spot of ~ 15 µm at the sample surface. Molecular ion transmission was reduced using a secondary ion accelerating voltage of 4500 V, offset by 75 eV. Analyses were performed in two consecutive routines containing the 'light' and 'heavy' elements respectively. Instrumental limitations prevented all desired elements being measured in one sweep. In each routine five sweeps of the desired masses were conducted, with the spectrometer position for each element manually adjusted during the first sweep of each sample. Several elements were analysed in both routines to ensure they were internally consistent. The data were reduced using custom in house software.
Most of the Juina-5 samples are composite inclusions and consist of multiple component mineral phases. As far as practical, inclusions were analysed using a spot size to enclose the entire inclusion in order to achieve a 'bulk analysis', however some of the inclusions were too large to be analysed by a single spot. In these cases, multiple analyses were performed to assess the heterogeneity of the inclusions. Heterogeneity was also observed as a function of 'depth' in some inclusions, which is a consequence of changing proportions of coexisting composite phases beneath the inclusion surface.
This was recorded by changing count rates between sequential mass sweeps.
Calibration was performed using the silicate glass standard srm610 under identical operating conditions, as in similar previous studies (Bulanova et al., 2010; Walter et al., 2008) . Precision is thought to be 10 % for all isotopes. Accuracy is < 10 % relative for REE, Ba, Sr, Nb, Zr and Y. Accuracy of Hf, Rb, Th and U is within 30 % relative (R. Hinton, personal communication). Background levels were estimated by counting on mass 130.5 (where there are no measured isotopes); all analyses falling below these levels were excluded. Unfortunately, our analytical session came near the end of a detectors life cycle, thus backgrounds were higher than normally achieved using SIMS. To improve detection limits for some inclusions, a second analytical session was performed after the detector Thomson et al. revision 1 submitted 19/08/2015 6 had been replaced. Data collected were normalised using the SiO 2 content of each inclusion, as reported by Thomson et al. (2014) .
MINERAL/MELT PARTITION COEFFICIENTS
To allow interpretation and modelling of inclusion compositions, mineral/melt partition coefficients (D i min/melt ) are required. For some of the mineral phases of interest, e.g. bridgmanite Hirose et al., 2004; Taura et al., 2001; Walter et al., 2004; Liebske et al., 2005) and calcium silicate perovskite Dalou et al., 2009; Hirose et al., 2004) , there are a handful of experimental studies that report ‫ܦ‬ ௧ ⁄
, whereas there are no reported partition coefficients for NAL and/or CF phase. In contrast, many studies have investigated how trace elements partition between garnet and melt, allowing the effects of garnet chemistry, pressure and temperature on ‫ܦ‬ ௧ ⁄ to be evaluated (e.g. van . In order that the most appropriate suite of partition coefficients is used in this study we have collated and evaluated all experimental data from the published literature for ‫ܦ‬ ௧ ⁄ in bridgmanite, calcium silicate perovskite and garnet (supplementary information). Data for trivalent (REE + Y + Sc) and quadrivalent (Th + U + Zr + Hf + Ti) cations from each literature experiment were fitted using a lattice strain model (Blundy and Wood, 1994) . Fits were achieved using a Levenberg-Marquardt routine employed in MATLAB to determine D 0 , r 0 and E (equation 1), assuming the ionic radii for each element (r i ) in 8-fold coordination (Shannon, 1976) . The lattice strain model relates the partition coefficient of element i (D i ) with ionic radius r i to that of element o (D 0 ), where the latter has the ionic radius of the crystallographic site size (r 0 ). E is the Young's Modulus of the site, N A is Avogadro's number, R is the gas constant and T is the temperature in K.
In general, the lattice strain model produces good fits to the experimental data. In a few cases there is evidence of disequilibrium or large uncertainties in experimental partition coefficients, especially for the LREE in garnet and bridgmanite, which are the largest, the slowest diffusing and the least abundant cations (Shannon, 1976; van Orman et al., 2002) . The results for bridgmanite and calcium perovskite reveal some scatter between different studies that is partially explained by variations in mineral chemistry, but much of which is assumed to be caused by experimental and analytical uncertainties. Rather than simply choosing the results of one study over the others with little justification, subsets of the experimental data for bridgmanite and calcium silicate perovskite were combined and refitted. This process should reduce the uncertainty in partition coefficients by et al. (2004) and for trivalent and quadrivalent cations were combined and fitted with lattice strain parabola at a temperature of 2300 °C (figure 1). Data from Liebske et al. (2005) weren't included in this fit because their bulk compositions have elevated Al 2 O 3 contents, which increase partition coefficients, compared with an ambient peridotitic mantle composition. The model partition coefficients for the LREE are lower than any of the individual analyses, which is believed to be the consequence of disequilibrium and low abundances of these elements in the experiments.
Similarly, for calcium silicate perovskite, data from the 20 GPa experiments of Dalou et al. (2009) (Bennett et al., 2004; Bobrov et al., 2014; Corgne et al., 2012; Dalou et al., 2009; Dasgupta et al., 2009; Draper et al., 2006; Dwarzski et al., 2006; Grassi et al., 2012; Hauri et al., 1994; Klemme et al., 2002; Pertermann et al., 2004; Salters et al., 2002; Suzuki et al., 2012; Tuff and Gibson, 2007; van Westrenen et al., 1999; 2000; Walter et al., 2004) and fitted the data for trivalent cations from each dataset using lattice strain models (experimental literature data available as a supplementary file).
Whilst there are previous studies that have published models predicting the individual effects of composition, pressure and temperature on D 0 , r 0 and E for trivalent cations Sun and Liang, 2013; van Westrenen et al., 1999; van Westrenen and Draper, 2007; van Westrenen et al., 2001) this dataset incorporates experimental data that were not available at the time of these models. As much of the additional data are particularly applicable to Na-bearing garnets from sub-lithospheric pressures we have modified the model of van to allow prediction of D 0 , r 0 and E for trivalent cations for any garnet composition at known pressure and temperature conditions. As D 0 , r 0 and E are highly correlated with one another, instead of fitting each literature dataset for all three variables simultaneously a predictive model was employed to estimate E (van Westrenen and , adding a term for the Na content of garnet (X Na = 0.5*[Na+K], where Na and K are calculated per formula unit with 12 oxygens) to equation 3 8 (equations 2 and 3). The coefficient of X Na was estimated based on the size of the Na 2 MgSi 5 O 12 garnet X-site (Bindi et al., 2011) . This predicted value of E is used to fit the experimental data for D 0 and r 0 using equation 1, thus reducing some of the spurious scatter in fitted D 0 values. 
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Four extreme outlying data corresponding to low temperature experiments were excluded from this fit. Figure 3 plots the predicted values of D 0 using equation 5 against those from the lattice strain fitting. Later in this manuscript, when modelling the composition of individual majoritic garnet inclusions, equations 2, 3 and 5 were used to produce inclusion-specific partition coefficients.
Otherwise, fits to experiment M932 (Corgne et al., 2012) stishovite were assumed to be 0.001 as we are unaware of any reported values for trace element partitioning into this phase, which was assumed to be negligible. All partition coefficients used throughout this paper are summarised in table 1. It is observed that repeated analyses of the same inclusion sometimes produce differing abundances.
RESULTS
As an example, the CF phase inclusion Ju5-20 was analysed in the same location twice, producing notably different results. This heterogeneity is caused by the composite mineralogy of the Juina-5
inclusions. We acknowledge that there are, therefore, uncertainties associated with the inclusions compositions. However, in most cases repeated analyses give similar results, and the reported analyses vastly enhance a very limited global dataset. The Juina-5 majorite and 'calcium perovskite'
inclusions, which are particularly important in the modelling performed here, are either homogeneous or have heterogeneity on a very short length-scale that is averaged out in the reported analyses.
Five composite inclusions of former 'bridgmanite' were analysed and generally observed to be enriched in high field strength elements (HFSE) Nb, Ta, Zr and Hf relative to the bulk silicate Earth (BSE). They appear to have a strong depletion in Sr, as this element regularly falls below detection limits. They are depleted in light-mid REE, with the concentration of most of these elements in the majority of analyses falling below detection limits. The concentration of heavy rare earth elements (HREE) is approximately the same as BSE. This suggests their REE contents have a positively sloping pattern from La to Lu, a feature that reflects experimentally determined mineral/melt partition coefficients of bridgmanite Hirose et al., 2004; Walter et al., 2004) . This agreement between analysed trace element pattern shape and experimental partition coefficients supports the previous interpretations that these inclusions are former bridgmanite (Thomson et al., 2014; Walter et al., 2011) . Interesting features of the former 'bridgmanite' trace element patterns are the significant negative Ce anomaly (Ce* < 0.015) and low Y/Ho ratio observed in several inclusions.
The four analysed former 'calcium silicate perovskite' inclusions, like those analysed in previous studies (Bulanova et al., 2010; Walter et al., 2008) , are extremely enriched in all trace elements except for the large ion lithophile elements (LILE; Rb, Ba and Li). REE concentrations range from inclusions (Thomson et al., 2014) . The enriched trace element characteristics of these inclusions are very similar to those described by Walter et al. (2008) . It is observed that three of the inclusions possess a positive Ce anomaly (Ce* 1.2 -1.8), whilst Ju5-82 also has a small negative Eu anomaly (Eu* ~ 0.7).
The trace element compositions of two majorite garnet inclusions are also similar to those observed in previous studies (e.g. Moore et al., 1991; Tappert et al., 2005) . 
DISCUSSION
The main aim of this work is to examine whether the trace element composition of silicate inclusions in superdeep diamonds are compatible with the hypothesis that they formed during the interaction of low-degree carbonated slab melts and ambient peridotite. To this end, simple models have been generated to calculate the expected composition of ambient mantle phases, the potential source rock compositions of individual inclusions and the sequence of mineral compositions created during In order to compare the trace element composition of the inclusions with ambient mantle lithologies a simple model that calculates the expected compositions of subsolidus phase assemblages is used.
This approach combines the mineral/melt partition coefficients for coexisting minerals with the assumptions that trace element mass balance is achieved and the total trace element budget of the assemblage is fixed. It was assumed that peridotite and MORB have bulk trace element compositions (X i total ) of the bulk silicate Earth (McDonough, 2001 ) and ALL-MORB (Gale et al., 2013) respectively. Under these assumptions the following mass balance can be written: 13 Two crucial consequences of the interpretation that Juina region 'calcium perovskite' and global majoritic garnet inclusions formed from slab melts are that in order to produce a suitably enriched melt, i) the residual phase assemblage must not contain any phases that significantly sequester incompatible elements and ii) the degree of melting must be very small. These two constraints virtually exclude the possibility that calcium silicate perovskite is saturated in the melting phase assemblage, because this would retain almost all trace elements in the residue remaining after melting. Highly enriched low-degree melts, therefore, can probably only be produced prior to the saturation of calcium perovskite in subducting slab assemblages, i.e. at pressures less than 17-20 GPa (e.g. Kiseeva et al., 2013a; Zhang and Herzberg, 1994) . This is consistent with the production of diamond forming melts of oceanic crust in the transition zone as the carbonated MORB solidus intersects slab geotherms between ~ 350 and 600 km depth (Thomson et al., 2016) . This depth range is consistent with barometry estimates for the formation pressures of diamond-hosted garnet inclusions (Beyer, 2015; Collerson et al., 2010; Harte, 2010; Stachel, 2001) . Although, it is unclear whether majorite barometers can be applied to natural inclusions, given they are believed to have co-crystallised from a melt with calcium perovskite (Thomson et al., 2016) and undergone some reequilibration during uplift (Harte and Cayzer, 2007; Thomson et al., 2014 ) that may not have been fully accounted for in reported compositions. Furthermore, the enriched 'calcium perovskite'
inclusions also all have an extremely low MgO content, which precludes their formation in equilibrium with bridgmanite Walter et al., 2008) , a feature that is also consistent with the formation of these diamonds in the transition zone at depths less than 600 km.
One potential explanation for the formation of the less enriched 'calcium perovskite' inclusions (Hutchison, 1997; Kaminsky et al., 2001; Stachel et al., 2000b; this issue) could be that they crystallised from slab melts at higher pressures. Beyond ~ 600 km depth, where calcium perovskite is stable in subducting assemblages, slab melts would be significantly less enriched in trace elements, and thus so would any inclusions produced by crystallisation of these melts. Inclusions from Kankan and São Luis (Hutchison, 1997; Kaminsky et al., 2001; Stachel et al., 2000b) The interrupted nature of the data, due to analyses for several elements falling below detection limits makes it unclear whether the 'bridgmanite' inclusions are significantly enriched compared with the compositions expected in ambient mantle assemblages or not. Additionally, it should be noted that the subsolidus lower mantle bridgmanite composition was calculated using partition coefficients appropriate for 2300 °C, ~ 500-600 °C hotter than the expected adiabatic temperature at the top of the lower mantle (Katsura et al., 2010) . Section 2.2 demonstrates the large influence that temperature has on trace element partitioning in the case of garnet. However, because the effects of temperature on partitioning vary between different minerals, it is not possible to estimate whether lower temperature assemblages should contain more or less enriched bridgmanite than in the current model. Therefore, due to these two sources of uncertainty, it cannot be concluded whether or not 'bridgmanite' inclusions are enriched compared with ambient mantle phases. A negative Sr anomaly is identified in some of the 'bridgmanite' inclusions, which serves as evidence they were likely crystallised from slab melts. Figure 6d compares the composition of natural intraplate carbonatite melts (Hoernle et al., 2002) with the calculated melts in equilibrium with Juina-5 'calcium silicate perovskite' and garnet inclusions. Calculated and natural melts have similar REE slopes and trace element concentrations, demonstrating that melts of necessarily enriched compositions are plausible for diamond formation.
The disagreement between Zr and Hf in the calculated and natural melts could be explained either by the effect of pressure on their partition coefficients, or the presence of baddeleyite/zircon in the residual assemblage that produced the natural carbonatite melts. It also confirms the suitability of carbonatite melts for explaining the compositions of diamond-hosted inclusions. It has been suggested that the isotopic signatures of intraplate carbonatite lavas require input from recycled ocean floor material (Doucelance et al., 2014) . Given the similarities between the melt compositions necessary for inclusion crystallisation and these erupted carbonate liquids it is possible that both share a common origin from melting of recycled material in the transition zone. 15 subducted crust in the formation of the diamond-hosted inclusions (Harte et al., 1999; Stachel et al., 2000a; Tappert et al., 2005) . This interpretation is certainly consistent with the recycled isotopic signatures in superdeep diamonds (Burnham et al., 2015b; Ickert et al., 2015) .
Negative Ce anomalies are also often associated with subducted material, as they are widely observed in pelagic sediments containing high levels of organic debris (Hole et al., 1984; Toyoda et al., 1990) . It is conceivable, therefore, that the incorporation of the large negative Ce anomalies observed in Ju5-43 'bridgmanite' and several NAL phase inclusions are created by the direct incorporation of recycled material. However, three of the four analysed 'calcium silicate perovskite'
inclusions possess a positive Ce anomaly, as do some of the 'calcium perovskite' inclusions reported by Bulanova et al. (2010) . It seems unlikely that anomalies of opposite sense could be incorporated into inclusions of a single diamond suite if they are truly formed simply by inheriting any signatures that pre-exist in their slab-derived source material. It is also unlikely that subducted sedimentary material could be responsible for the observed anomalies, because this requires the sedimentary package to survive subduction unaltered to depths greater than 400 km despite the expected occurrence of slab dehydration in the sub-arc environment and possible high slab surface
temperatures. Further, it is unclear whether organic material could even generate a Ce anomaly of the same size observed in Ju5-43, approximately 2 orders of magnitude; pure nano-fossil ooze has been observed to have a negative Ce anomaly of slightly less than one order of magnitude (Hole et al., 1984) . It is perhaps more plausible that the Ce anomalies are generated because the melts responsible for diamond and inclusion growth contain a mixture of Ce 3+ and Ce 4+ . In this scenario it is possible that Ce 4+ fractionates into coexisting phases during the melting and inclusion formation processes. It has been observed that some natural baddeleyite minerals contain a significant positive Ce anomaly (Schärer et al., 2011) , as Ce 4+ is approximately 100 times more compatible in ZrO 2 than Ce 3+ (Klemme et al., 2003) . Similar observations of Ce anomalies have been made in other Zr-rich minerals, e.g. zircon (Schärer et al., 2011) and wadeite (Jaques, 2016) . Given that an exsolved phase of baddeleyite was observed in two of the 'calcium perovskite' inclusions (Thomson et al., 2014) (Ohta et al., 1999) . These anomalies are associated with the complexation of yttrium in hydrous fluids/melts (Bau, 1999; 1996) . Negative Y/Ho anomalies are also been observed in natural carbonatite lavas from intraplate volcanoes, such as the Cape Verde and Canary Islands (Hoernle et al., 2002, figure 6d ), although these have not been explained.
Whatever the exact explanation, these anomalies must be the result of low temperature fractionation to allow the subtleties of coordination environment to be significant. Therefore, we suggest that Y/Ho anomalies are another signature of the involvement of subducted material in the growth of superdeep diamonds.
SOURCE ROCK OF MELTS
The above discussion concludes that the Juina-5 inclusions contain many indicators that they crystallised under upper mantle conditions from a low-degree melt. From the trace element characteristics themselves, the presence of Sr, Zr and Hf anomalies suggest that this melt is linked to subducted crust foundered in the transition zone. To further examine whether 'calcium perovskite'
inclusions are indeed compatible with crystallisation in the transition zone (Thomson et al., 2016) we attempt to determine source rock compositions that could have generated the inclusions ( figure 7) .
The source rock composition (green line) is calculated assuming that the melt in equilibrium (red line) with individual inclusions (blue line) is produced during a non-modal fractional melting process. A rearrangement of the equation for accumulated non-modal fractional melts is used to calculate the trace element composition of the source lithology:
Assuming that the degree of melting (F) is 1 %, D 0 is calculated for a phase assemblage consisting 64 % garnet, 15 % clinopyroxene, 15 % stishovite and 5 % carbonate as observed for a subsolidus carbonated eclogite at 13 GPa (Thomson et al., 2016) . P is calculated from the melting reaction can be compared with the that of the average oceanic crust, ALL-MORB (Gale et al., 2013) . However, because it is expected that the subducting slab will have experienced dehydration in the sub-arc environment prior to this melting process the source rock composition is compared with a "processed MORB". The composition of "processed MORB" is calculated by assuming 7.5 % dehydration occurs at each of 2.5, 4 and 6 GPa using partition coefficients for MORB/hydrous fluid partitioning (Kessel et al., 2005; Klimm et al., 2008) . The "processed MORB" composition only illustrates the potential effects that slab dehydration may have on slab chemistry, it is not believed to capture the full complexity of MORB dehydration processes.
The model employed is simplistic, and serves only to illustrate whether or not the hypothesis that inclusions are generated from slab-derived carbonatites is generally consistent with their trace element chemistries. The model ignores the potential effects of accessory phases and makes the assumption that melting is isobaric, occurring at ~ 15 GPa, and can be described by the melting reactions observed in Thomson et al. (2016) . It also assumes that partition coefficients for all phases in modelling are well known at the pressure and temperature conditions appropriate for this reaction. Unfortunately, as summarised in section 2.2 this is not the case, because there is Figure 8a demonstrates that there is a strong correlation between the REE chemistry of majoritic garnet inclusions and their major element chemistry, that is not a function of crystallisation pressure. Sm/Lu is used in figure 8a as a proxy for the slope of the garnet REE patterns, and is plotted against Ca content (calculated per formula unit assuming 12 oxygens). This correlation could be interpreted as a record of a melt crystallisation process, however, it could also theoretically be produced by the variation of partition coefficients with inclusion composition. To ensure that this correlation is not only the result of the latter possibility, the composition of the melt in equilibrium with each individual inclusion was A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT Thomson et al. revision 1 submitted 19/08/2015 19 calculated (figure 8b) using a majorite barometer (Beyer, 2015) to estimate the inclusion formation pressures. As the calculated melt compositions also vary significantly in composition the correlation between Ca and Sm/Lu must reflect the variation of melt compositions that inclusions crystallise from. The systematic evolution in the calculated melts towards flatter REE patterns (and lower REE abundances) with decreasing Ca content of the inclusions (figure 8a) suggests that they may indeed record the evolution of fractionating melts. It also implies that the primary diamond-forming melt in the transition zone would be calcium-rich, an observation that is consistent with the composition of subducted MORB-derived carbonatites (Hammouda, 2003; Thomson et al., 2016) .
We have further investigated the possibility that several diamond-hosted inclusions are associated with one another by running a simple fractional crystallisation model ( Thomson et al. revision 1 submitted 19/08/2015 20 can be understood by linking all the diamonds from Juina-5 to a single slab geotherm, which would be expected to intersect the slab's carbonated solidus across a narrow pressure interval. Thus, even if diamonds were produced in multiple episodes they could be expected to generate similar inclusions.
CONCLUSIONS
The Thomson et al. revision 1 submitted 19/08/2015 26 zone (dashed red) assemblage components as described in the text. D04, Davies et al. (2004) ; S00, Stachel et al. (2000) ; K01, Kaminsky et al. (2001) ; T05, Tappert et al. (2005) ; B10, Bulanova et al. (2010) ; H97, Hutchison (1997) ; M91, Moore et al. (1991) ; Burnham, Burnham et al., this issue. (d) BSE normalised trace element patterns of natural carbonatite lavas from the Cape Verde and Canary
Islands (Hoernle et al., 2002) , compared with the melts calculated to be in equilibrium with majoritic garnet and calcium perovskite inclusions in the Juina-5 diamonds (this study). Equilibrium melts were calculated using the partition coefficients for calcium silicate perovskite and metabasic majorite from table 1. The green curve is the calculated source rock, which can be compared with the composition of ALL-MORB (Gale et al., 2013) and/or "processed MORB", the black dotted and solid lines respectively.
Details of modelling are described in the text. inclusions using partition coefficients specific to each inclusion composition, from a lattice strain model (equation 1) using r 0 , E and D 0 calculated using equations 2, 3 and 5. The pressure of each inclusion was calculated from its chemistry using the barometer presented by Beyer (2015) and the temperature of inclusion formation was assumed to be 1600 °C for all samples. 
